Computer modeling is used to derive some of the exact kinetic properties of a small Ising system. This paper has two purposes: (a) to extend remarks concerning kinetic departures from internal equilibrium, in small Ising systems, that were contained in an earlier paper by Hill and Chen (1) on K+ transport across the nerve membrane; and (b) to serve as an introduction to a more detailed paper (part II) on this subject to be published elsewhere. We confine ourselves here to one model and one kinetic scheme, as an illustration. Our point of view is essentially "experimental": we report on some of the exact kinetic properties of the chosen system, as calculated by computer; we do not offer any grand generalities. In particular, we concentrate on the extent to which the actual transient state of the system deviates, at any time, from the nearest internal equilibrium state.
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We refer the reader to a few other somewhat related papers on the kinetics of small (2) (3) (4) (5) ) and large (6) (7) (8) Ising systems. In general, large kinetic Ising systems have to be treated by one or another kind of approximation, even in one dimension.
THE MODEL
The model we investigate is Scheme 1, Eqs. 1 and 2 of ref. 1 . For the convenience of the reader, we repeat the basic equations and definitions here.
We consider an ensemble of identical systems. Each system contains four identical subunits (e.g., protein molecules), arranged in a tetrahedron. Each subunit can be in one of two conformations, i and ii. The conformational change for a hypothetical isolated (i.e., independent) subunit follows first-order kinetics with intrinsic rate constants a (for i -) ii) and a (for ii --i). Let wil be the interaction energy between two subunits in conformation i, W12 between an i and an ii, etc. There are six pair-interactions in the system (of four subunits). Let Q14 be the (canonical) partition function for the system in state [0] and Q24 for state [4] , where [j] denotes the state with j subunits in conformation ii. Then the probabilities (i.e., fractions of systems in the ensemble) pje of the five states, at equilibrium, are poe = Q44-1, p1l = 4s3Q3t-1, p2e 684Q2=-1 p~e = 4-'Qt-l p4e = t-1 (1) In a typical "experiment," we start with an ensemble of systems at equilibrium with a given (initial) Qj and observe the time evolution of the pj(t) to a final equilibrium at a different (final) Qf. Eq. 1 gives initial and final probability distributions. To be more explicit: (/a = Qf in Eq. 3 and the boundary conditions at t = 0 are pj(0) = pj' (Qi, s) (we suddently switch from "initial" to "final" rate constants, a and (3, at t = 0, but the value of s remains unchanged). (6) i where the pj/ are an equilibrium set and Qe(t) is that particular value of Q in Eq. 1 which, at the specified t, minimizes A. That is, A(t) is a measure of the absolute deviation of the actual kinetic state at t from the nearest equilibrium state (using a sum-of-squares criterion). In the exceptional cases mentioned above (1), the system passes through equilibrium states only and A(t) = 0.
A quantity related to A(t), and used somewhat below, is -r(t)e2(t), where a2(t) is the actual variance at t, a2(t) = j2(t) -j(t)2 (7) and ae2(t) is the variance of the nearest equilibrium distribution, as found from Eq. 6 .
The behavior of the meanj(t), is not particularly interesting or discriminating. CALCULATIONS We turn now to the figures, which provide a sampling of our calculated results. Even such a small and simple system exhibits quite complicated behavior of the relatively sensitive function A(t). for s > 0.4 (weak cooperativity). The vertical scale of the s = 0.9 curve in Fig. 1 is expanded by a factor of 10. The growth of the second peak in Fig. 1 can also be followed in Fig. 2 , which shows o(t)-o2(t) for the same cases as in Fig. 1 ), this state will not be maintained because 3/a = Qf 5 Qe'. In effect, in such a case, the system merely starts over again with a new Q Qe'.
Hill and Chen (1) discussed "superposition" (or lack thereof), using the variables p4(t) and j(t). We supplement their work with Fig. 3 Chemistry: Paul and Hill proach to the same final equilibrium state is made along the same nonequilibrium "track" (1) . This is a consequence of the domination of the system behavior, at large t, by a single eigenvalue of the kinetic matrix from Eq. 2. Fig. 4 , with s = 0.5, illustrates the fact that the early peak in A(t), which occurs when Q1> 1 and Qf < 1, is particularly dependent upon Qj and disappears as Qj-1 (each curve in Fig. 4 has its own til, value, as usual). The same phenomenon can be seen in Fig. 3 
